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UM MATH REVEALS HIDDEN WORLD OF TINY LEAF OPENINGS
M ISSOULADuring photosynthesis a plant takes in carbon dioxide through minute openings on its
surface called stomata. But when stomata are open, water is lost through evaporation, so over
time stomata open and close to balance their need to breathe with their aversion to losing water.
To understand this mechanism, scientists injected a cocklebur leaf with fluorescent dye
and observed the results using time-lapse photography. The resulting video shows light and dark
regions chasing one another around the leaf surface. Light areas reveal closed stomata, and dark
areas show where they are open. But the light regions within the video were too faint for
researchers to draw any real conclusions.
That’s where the math minds at The University of Montana came in. Researchers in the
Department of Mathematical Sciences developed an algorithm using variational calculus that
generated a crisp black-and-white image of the stomata at work, showing more precisely where
on the leaf surface the pores were open and where they were closed.
“In the original video, you could hardly see the dynamically changing regions,” said math
Associate Professor John Bardsley. “But after using our method, the regions are completely clear,
which allows for further analysis of the phenomena.”
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Bardsley said the applied math problem was brought to his attention by his colleague,
math Associate Professor Emily Stone, who specializes in analysis of dynamics - physical
phenomena that change over time. Bardsley and Stone in turn encouraged UM doctoral student,
Aaron Luttman, to work on the project. Luttman, now a math faculty member at Bethany
Lutheran College in Minnesota, used his results for his thesis.
Under Bardsley’s guidance, Luttman figured out what method to use on the problem and
wrote the computer code to solve it. “The mathematics we needed for deriving the method is
hardcore,” Bardsley said, “and the computational problem that we had to solve is also very
difficult because the leaf video constitutes such a large dataset.” A supercomputer in UM ’s
Molecular Computational Core Facility was needed to process the data.
With the results in hand, Bardsley and Luttman then co-wrote a paper titled “A
Variational Approach to Video Segmentation for Botanical Data.” The paper was published in
the Society for Industrial and Applied Mathematics Journal on Scientific Computing, and was
subsequently highlighted in the “Editors’ Choice” section o f the Aug. 17 issue o f Science.
Bardsley said they could have analyzed each frame of the video separately. “That
approach yields a simpler computational problem, but the results aren’t nearly as good,” he said.
“So we really needed to analyze the entire video at once. And since each frame o f the video gives
you information in two dimensions, taking all of the frames together gives a huge threedimensional dataset, which is why the computational problem was so challenging.”
Stone and Bardsley landed a $116,299 National Science Foundation grant for research on
pattern analysis in leaf transpiration, which paid for their work on the project over two summers.
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This grant, together with a grant from Montana’s NSF Experimental Program to Stimulate
Competitive Research, also paid for Luttman’s work during one semester and two summers.
The results obtained by Bardsley and Luttman allowed Stone to dynamically analyze the
changing regions on the leaf surface. Stone’s results uncovered a statistically significant
relationship between the dynamics of neighboring regions, which suggests the possibility that
neighboring stomata can communicate - a controversial claim in the plant biology community.
“It has been hypothesized that since plants do not have a central nervous system, stomata
can’t communicate with one another,” Bardsley said. “However, our results suggest this may not
be the case.”
The wide array of mathematical, computational and statistical techniques the UM
researchers used were largely known, “but nobody had ever applied them to this type of problem
before,” he said. “I think unique problems like this are rare. I wish we could find more problems
that are just as interesting, but I don’t think they come along all that often.”
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